The chemical composition of the essential oil obtained from the aerial parts of Inula crithmoides L. was analyzed by GC and GC/MS and 22 components were identified, the major ones being p-cymene (30.1%), 1-methylethyl-trimethylbenzene (18.7%), scopoletin (15.3%) and α-pinene (13.1%). The antioxidant activity of the oil was evaluated by the DPPH test and 5-lipoxygenase assay. The essential oil exerted a good antioxidant activity in the protection of lipid peroxidation when compared with known antioxidants.
The genus Inula, family Asteraceae, tribe Inuleae (subtribe Inulinae) is represented in Europe by 19 species and a larger number of endemic subspecies [1] . I. crithmoides L. is a hairless perennial shrub with linear, fleshy leaves, 2-4.5 cm long, growing in seaboard places. The capitula is yellow with narrow linear, large, easily discernible florets [1] . About 25 species of Inula have already been investigated chemically. The major secondary metabolites of the genus are sesquiterpene lactones, mainly eudesmolides [2] [3] [4] [5] [6] and other types of sesquiterpene lactones [2, 5] , monoterpenes [7] , diterpenes [8] and flavonoids of diverse chemical structures [9, 10] . Several pharmacological activities are attributed to these secondary metabolites, including treatment of asthma, dysentery and inflammatory diseases [11, 12] . More recently, other biological activities have been recorded, such as antibacterial, cardiovascular and hypoglycemic [13] , antiulcer, antiviral, antifungal and antiparasitic [14] . Abdel-Wahhab et al. showed that I. crithmoides extract protects against ochratoxin A-induced oxidative stress, and clastogenic and mutagenic alterations in male rats [15] . Egyptian specimens were claimed to yield a new carotane derivative and the new eudesmolide, inucrithmolide [6] . However, these compounds were not found in a reinvestigation of specimens collected in Mallorca, Spain, which were shown to contain thymol derivatives, thiophenes and the diterpene abienol [16] . Marco et al. [17] studied specimens of I. crithmoides collected along the Spanish Mediterranean coast and the aerial parts yielded a known bisnorlabdane and six thymol derivatives, five of which were new. Two of these were the first chlorinated thymol derivatives reported from natural sources [17] . Recently, Tsoukatou and Roussis [18] reported for the first time the essential oil compositions of I. crithmoides harvested from wild populations during their flowering season in Greece, Malta and Spain. All oils were dominated by monoterpene hydrocarbons.
In the present paper, we wish to report the chemical composition and antioxidant activity of the essential oil from the aerial parts of I. crithmoides collected in central Italy (Marche). This latter biological activity is reported here for the first time.
In the essential oil of the aerial parts of I. crithmoides, 22 compounds were identified by GC-MS and their percentage compositions are given in Table 1 . p-Cymene (30.1%), 1-methylethyl-trimethylbenzene NPC Natural Product Communications 2010 Vol. 5 No. 2 315 -318 Table 1 : Percentage composition of the oil of Inula crithmoides.
RI (1) Retention Index on HP-1 dimethylsilicone column RI (2) Retention Index on polar CP-Sil 88 (Chromopack) column (18.7%), scopoletin (15.3%) and α-pinene (13.1%) were the most abundant compounds.
Regarding the previously reported chemical compositions of I. crithmoides essential oil, all oils obtained from flowers and leaves of plants collected in Spain, Malta and Greece were dominated by monoterpene hydrocarbons, with α-phellandrene (11.0-26.2%), β-phellandrene (0.0-30.7%) and p-cymene (trace-53.8%) being the major components [18] . In comparison, our oil is quite similar from a qualitative point of view. However, only a few compounds were present in trace quantities in other oils, but characterize our oil (for example, carvacrol 0.3%, bicyclogermacrene 0.1%). Many compounds were found in our oil as well as in all the other oils, but quantitative differences were found, in particular α-pinene (13.1% in our oil, 2.2%, 6.8%, and 4.2% in Spanish, Maltese and Greek oils, respectively) and α-phellandrene (2.2% in our oil and 26.2%, 18.9% and 11.0%, respectively). The presence of some compounds in our oil and in that from Greece need emphasis: β-Pinene (0.4% in our oil, 0.3% in Greek oil), methyl thymol (4.0% and 3.3%), 1-methylethyltrimethylbenzene (18.7% and 14.8%), bornyl acetate (0.4% and 4.4%), 2,5-dimethoxy-p-cymene (3.5% and 2.8%) and scopoletin (15.3% and 13.0%). The above mentioned compounds are quite similar in abundance in the two oils, with some being present in good amount (1-methylethyl-trimethylbenzene and scopoletin), making our oil very similar to the Greek one.
The antioxidant activity of I. crithmoides oil was determined using two in vitro assays: the scavenging effect on DPPH and the inhibition of lipid peroxide radical formation. The data, expressed as IC 50 (μg/mL and mg/mL), were compared with the activity of the known antioxidants (BHT, Trolox, ascorbic acid). In the reduction of the stable radical DPPH, the oil was ineffective when compared with the test antioxidants: IC 50 = 719.2 mg/mL for I. crithmoides oil, 0.09 mg/mL, 0.007 mg/mL and 0.11 mg/mL for BHT, Trolox and ascorbic acid, respectively. In the inhibition of lipid peroxidation our oil was twice as effective than BHT (IC 50 = 2.0 μg/mL and 3.9 μg/mL, respectively) and much more effective than Trolox (IC 50 = 11.9 μg/mL) and ascorbic acid (IC 50 = 18.6 μg/mL).
Differences in antioxidative behaviour were observed in the two types of test and they can be ascribed to the different methods used for the determination. The DPPH test gives information on the radical scavenging action. This method is not discriminative with respect to the radical species, but gives a general idea about the radical quenching ability [19] . The protection of lipid peroxidation, assayed with the inhibition of lipoxygenase, is complex. Antioxidants can exercise their protective properties at different stages of the oxidation process and by different mechanisms that can include free radical scavenging activity, but also deactivation of metals, inhibition of breakdown of lipid hydroperoxides to unwanted volatile products, regeneration of "primary" antioxidant, and singlet oxygen quenching [20] . The essential oil of I. crithmoides showed good antioxidant activity in the protection of lipid peroxidation.
Experimental
Plant material: Aerial parts of I. crithmoides were collected during the flowering period (August) at Fano (PU), in coastal habitats, nearly always within reach of sea spray, and authenticated by Dr Laura Giamperi, DiSUAN, University of Urbino. Voucher specimens have been deposited at the Herbarium of the Botanical Garden of the University of Urbino (GS 200).
Oil isolation:
The aerial parts of wild plants were water distilled for 3 h in a Clevenger-type apparatus, until the material was exhausted. The oil yield (v/w) was 0.15 mL/Kg. The oil was dried over anhydrous sodium sulfate and, after filtration, stored at + 4°C until tested and analyzed.
Oil analyses:
Oil was analyzed by GC and GC/MS. Analyses were performed on a Hewlett-Packard splitless gas-chromatograph, model 5890 equipped with a FID detector and coupled to an electronic integrator. The chromatograph was fitted with a HP-1 dimethylsilicone column ( film thickness). The carrier gas was helium (0.9 mL/min), and the injector and detector temperatures were 280°C and 250°C, respectively. The oven temperature was programmed from 50° -270°C at a rate of 4°C/min. Quantitative data were obtained by electronic integration of FID area, without the use of response factor correction.
GC/MS analyses were performed using a Hewlett-Packard 6890 chromatograph combined with HP ChemStation software, equipped with a 5973 Mass Selective Detector and mass spectrometer, operated at 70 eV, scanning speed 1 sec over 40-300 amu range and an ion source temperature of 180°C. The same column and conditions were used as given above.
Compounds were identified by comparison of GC retention indices relative to retention times of a series of n-alkanes (C 7 -C 25 ) with those reported in the literature [21] , and by comparison of MS from the Nist98 Mass Spectral Database. GC analyses using a polar column were carried out on a Varian 3400 GC system equipped with a fused silica CP-Sil 88 column (50 x 0.22 mm, 0.2 μm film thickness). Carrier gas was helium (0.9 mL/min). Oven temperature was programmed from 50°-270°C at a rate of 4°C/min. Component identification was carried out by comparison of calculated retention indices with those reported in the literature [21] .
Antioxidant activity
DPPH assay: Radical scavenging activity was determined by a spectrophotometric method based on the reduction of an ethanol solution of 1,1-diphenyl-2picrylhydrazyl radical (DPPH • ) [22] . A 100 μM DPPH ethanolic solution was prepared and 1.5 mL was added to the sample dissolved in ethanol.
The absorbance decrease at 517 nm was recorded after 10 min and the antioxidant activity was expressed as percent decrease in absorbance (corrected for the control, without antioxidant agents added).
Inhibition of lipid peroxide formation:
Free radical scavenging activity was evaluated by the 5lipoxygenase test in the sample and in positive controls. The activity of the enzyme was assayed spectrophotometrically according to Holman, modified by Sud'ina et al. [23] .
The assay mixture (1 mL) contained: 10 mM linoleic acid, the sample (or the same quantity of solvent as reference) and 50 mM sodium phosphate, pH 6.8. This mixture was maintained at 20°C for 20 min. Subsequently, 0.18 μg mL -1 commercial 5-lipoxygenase was added to the mixture and the formation of hydroperoxides from linoleic acid was observed spectrophotometrically at 235 nm at 20°C.
Tests were carried out in triplicate. BHT (butylated hydroxytoluene), Trolox (6-hydroxy-2,5,7,8tetramethylchroman-2-carboxylic acid) and ascorbic acid were used as positive controls and purchased from SIGMA.
